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The title compound, C3 3 H 49 N03, is the propargylamide of 
18/3-glycyrrhetinic acid, a pentacyclic triterpenoid of interest 
as a therapeutic agent. The five six-membered rings of the 
glycyrrhetinic acid moiety show normal geometries, with four 
rings in chair conformations and the unsaturated ring C in a 
half-chair conformation. In the crystal, the terminal N- 
propargylcarboxamide group has remarkable structural 
effects on weak hydrogen-bond-like interactions. Particularly 
noteworthy are an intermolecular O— H- ■ -it interaction 
accepted side-on by the terminal alkyne group [O- • C = 
3.097 (2) and 3.356 (2) A] and a short intermolecular C— 
H- ■ O interaction [C- • O = 3.115 (2) A] donated by the 
alkyne C-H group. An N-H- ■ O [N- ■ O = 3.251 (2) A] and 
a C alkyl — H- ■ O [C- ■ O = 3.254 (2) A] interaction comple- 
ment the crystal structure. 



Related literature 

For general information on the therapeutic aspects of the 
parent compounds glycyrrhizin and 18/S-glycyrrhetinic acid, 
see: Baran et al. (1974); Kitagawa (2002); Asl & Hosseinzadeh 
(2008). For the synthesis of derivatives of 18y6-glycyrrhetinic 
acid with a therapeutic background, see: Su et al. (2004); 
Beseda et al. (2010). For the crystal structures of 18/S-glycyr- 
rhetinic acid and derivatives, see: Campsteyn et al. (1977); 
Alvarez-Larena et al. (2007); Beseda et al. (2010); Amer et al. 
(2010). For the crystal structure data of several A'-propargyl- 
carboxamides, see: Hashmi et al. (2004); Frey et al. (2008). For 
weak hydrogen bonds involving C=C— H moieties, see: 
Desiraju & Steiner (1999). 




Experimental 

Crystal data 

C 3 3H 49 N0 3 
M r = 507.73 
Orthorhombic, P2 l 2 1 2 1 
a = 6.7534 (8) A 
b = 13.4879 (16) A 
c = 31.132 (4) A 

Data collection 

Bruker Kappa APEXII CCD 

diffractometer 
Absorption correction: multi-scan 

(SADABS; Bruker, 2008) 
= 0.87, r max = 0.97 

Refinement 

R[F 2 > 2a(F 2 )} = 0.033 

wR(F 2 ) = 0.089 

S = 1.08 

4658 reflections 

349 parameters 



V = 2835.8 (6) A 3 
Z = 4 

Mo Ka radiation 
li = 0.07 mm -1 
T = 100 K 

0.56 x 0.43 x 0.38 mm 



41876 measured reflections 
4658 independent reflections 
4531 reflections with / > 2a(I) 
R iM = 0.026 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.36 e A~ 3 

Ap mi „ = -0.21 e A~ 3 



Table 1 

Hydrogen-bond and O— H- • -n geometry (A, °). 



D-H-A 




D—H 


H-A 


D-A 


D-H-A 


Ol-HIO- ■ 


■C32 1 


0.81 (2) 


2.57 (2) 


3.3559 (17) 


164 (2) 


Ol-HIO- ■ 


■C33* 


0.81 (2) 


2.40 (2) 


3.0973 (17) 


145 (2) 


N1-H1/V-- 


■02" 


0.80 (2) 


2.57 (2) 


3.2511 (15) 


144 (2) 


C31-H31B 


■ Ol"' 


0.99 


2.56 


3.2541 (17) 


127 


C33-H33- • 


■02 iv 


0.95 


2.27 


3.1154 (17) 


148 


Symmetry 


codes: (i) 


-x + §, -y -1 


-l,z-h 


(ii) -x + l,y + j, 


-z + b (iii) 


-x + 1, -y 4 


l. z + 1; (iv) 


-x + 2. y + 1, 


-z + i 







Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT 
(Bruker, 2008); data reduction: SAINT, SADABS and XPREP 
(Bruker, 2008); program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: Mercury (Macrae et al, 2006); 
software used to prepare material for publication: PLATON (Spek, 
2009) and publCIF (Westrip, 2010). 
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Propargylaminyl 3«-hydroxy-ll-oxo-18^-olean-12-en-29-oate 
L. Czollner, U. Jordis and K. Mereiter 

Comment 

18P-glycyrrhetinic acid (GA) is a pentacyclic triterpene and the aglycone of glycyrrhizin, the main sweet tasting compound 
from liquorice root in use as flavoring and sweetener (Kitagawa, 2002). GA is a therapeutic agent with a broad range of 
activity by modulating the steroid hormone Cortisol (Baran et al. , 1 974; Asl & Hosseinzadeh, 2008). One strategy to improve 
or modify its therapeutic profile is to leave the triterpene core of GA unaltered and to attach suitable functional groups to 
its 3-hydroxy group (Su et ah, 2004). An example for this strategy is the hydrogen succinate of GA, the licenced anti-ulcer 
drug Carbenoxolone. An analogous approach was used for the title compound (I), here however with the COOH group at the 
opposite side of GA functionalized by a propargylamide group. The synthesis of this compound and a series of relatives was 
recently described (Beseda et ah, 2010). Here we report the crystal structure of this compound. The molecular structure of 
(I) is shown in Fig. 1 . The GA core of the molecule consists of four six-membered rings A, B, D, and E in chair conformation 
and the unsaturated ring C in half-chair conformation (Fig. 1). The GA core agrees well in bond lengths, bond angles, and 
conformation with related compounds (Campsteyn et ah, 1977; Alvarez-Larena et ah, 2007; Beseda et ah, 2010) and needs 
no further discussion. The carboxamide group 03=C29 — Nl is exo-oriented with respect to N, C18 — C20 — C29 — Nl = 
162.3 (1)°. In case of eWo-orientation (rare) this angle is about -30° (for examples, see: Amer et ah, 2010). The propargyl 
group has a C32=C33 bond length of 1.197 (2) A and an orientation defined by the torsion angle C29 — Nl — C31 — C32 
= 106.5 (1)°. In A'-propargylcarboxamides this torsion angle varies widely (Hashmi et ah, 2004; Frey et ah, 2008). In the 
unit cell the molecules of (I) are aligned with their longest direction slightly inclined to the c-axis and adopt in this direction 
an undular head-to-tail-like arrangement (Fig. 2). Along the short a-axis (6.75 A) the molecules are stacked directly upon 
each other by translation. Coherence of the structure is provided by a combination of van der Waals and weak hydrogen 
bond interactions listed in Table 1 . Most interesting in this respect are the interactions of the A^-propargylcarboxamide group 
outlined in Fig. 3. The terminal alkyne group C32=C33 — H33 has a distinctly acidic hydrogen atom and forms the by 

far shortest weak hydrogen bond-like interaction of the structure with distances of H33 - 02 1V = 2.27 A and C33— 02 = 
3.115 (2) A to the 11-keto-oxygen of the compound. After normalization (C — H = 1.083 A; Desiraju & Steiner, 1999), 

the distance H33—02 1V is 2.16 A, distinctly shorter than the mean distance d(H - O) = 2.29 (3) A reported by Desiraju & 
Steiner (1999; Table 2.3 of this reference) for C=C — H - 0=C< entities. The second remarkable association in Fig. 3 is 

the intermolecular O — H-ti interaction from the hydroxy group 01 v — Hlo v side-on to the two alkyne carbon atoms C32 

and C33. The normalized Hlo v -C distances (01— Hlo normalized to 0.983 A), are 2.26 A to C33 and 2.41 A to C32, 
and correspond to the shortest O — H— 7t interactions reported by Desiraju & Steiner (1999; Table 3.12 of this reference). 
Comparable C — H-0 andX — H - -7t interactions with mostly longer respective interatomic distances can be found in a small 
group of iV-propargylcarboxamide containing crystal structures reported by Hashmi and coworkers in context with oxazole 
ring forming reactions (Hashmi et al, 2004; Frey et ah, 2008). 
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Experimental 

The synthesis and properties of the title compound were described by Beseda et al. (2010). Platy colourless crystals for 
X-ray diffraction were obtained from CH2CI2 by diethyl ether vapour diffusion at ambient temperature. 

Refinement 

The two N- and O-bonded hydrogen atoms were located by a Fourier map and were the refined in x, y, z, and J7i so . All 
C-bonded H atoms were placed in calculated positions and thereafter treated as riding with CH = 1.00 A, CH2 = 0.99 A 
and CH3 = 0.98 A. A torsional parameter was refined for each methyl group. Ui S0 (H) = 1.2£/ e q(C non _ met hyi) and {/j S0 (H) = 
1.5f/ e q(C me thyl) were used. Because of insignificant anomalous dispersion effects, the 3501 Friedel pairs were merged prior 
to the final refinement. The absolute structure of the parent compound 18P-glycyrrhetinic acid is known. 



Figures 
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■ ■■J _1 



M 




1 



Fig. 1 . The molecular structure of (I) with displacement ellipsoids for the non-hydrogen atoms 
drawn at the 50% probability level. Red capitals are the ring designations. 



Fig. 2. Packing diagram of (I) in a view along the a-axis. Dashed lines indicate weak 
O — H— C, N — HO and C — H-0 interactions outlined in section Comment. 



Fig. 3. Close-up of the N-propargylcarboxamide group in (I) and its weak O — H—C, 
N — H— O and C — H - 0 interactions. Numbers with two decimal places are H- -acceptor dis- 
tances, numbers with three decimal places are corresponding C/N/O — acceptor distances (A). 
Symmetry codes ii, hi, and iv are given in Table 1, code v is -x + 3/2, -y + 1, z + 1/2. 
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Crystal data 

C 33 H49N03 

M r = 507.73 
Orthorhombic, P2\2\2\ 
Hall symbol: P 2ac 2ab 
a = 6.7534 (8) A 
b= 13.4879 (16) A 
c = 31.132 (4) A 



^(000)= 1112 

D x = 1.189 MgnT 3 

Mo radiation, X = 0.71073 A 

Cell parameters from 9975 reflections 

9 = 2.5-31.0° 



|i = 0.07 mm 
T= 100 K 



-1 
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V= 2835.8 (6) A 3 Block, colourless 

Z=4 0.56 x 0.43 x 0.38 mm 



Data collection 



Bruker Kappa APEXII CCD 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2008) 
r min = 0.87, r max = 0.97 
41876 measured reflections 



4658 independent reflections 

453 1 reflections with I > 2a(7) 
ic int = 0.026 

Qmax = 30.0°, 0 m i n = 3.0° 

h = -9^9 

*- = -18-»18 
/= -43^43 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2a(F 2 )] = 0.033 

wR(F 2 ) = 0.089 

S= 1.08 

4658 reflections 
349 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 

Hydrogen site location: difference Fourier map 

H atoms treated by a mixture of independent and 
constrained refinement 

w = l/[a 2 CF 0 2 ) + (0.0593P) 2 + 0.405P] 
where P = {F 2 + 2F 2 )/3 
(A/o) max < 0.001 

Ap m ax = 0.36 e A~ 3 
Ap min = -0.21 eA~ 3 



Special details 

Geometry. All e.s.d.'s are estimated using the full covariance matrix. The cell e.s.d.'s are taken into account individually in the es- 
timation of e.s.d.'s in distances, angles and torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are 
defined by crystal symmetry. 

Refinement. Refinement of F against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F , convention- 
al ic-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement, ic-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
x y z U iso */U eq 



01 0.33309 (16) 0.31149 (7) -0.07972 (3) 0.02015 (19) 
HIO 0.442 (4) 0.2913 (16) -0.0864(7) 0.037 (6)* 

02 0.69829 (15) 0.41262 (7) 0.11669 (3) 0.02086 (19) 

03 0.54563 (16) 0.58041 (7) 0.29778 (3) 0.0230 (2) 
Nl 0.44107 (17) 0.70328 (9) 0.34128 (3) 0.0200(2) 
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Geometric parameters (A, °) 
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lUo. / 


a pi pin m nr> 
CZU — C 1 V — H 1 y r> 


1 AO *7 

lUo. / 


pi o p 1 o u 1 no 
C 1 o — C 1 y — H 1 y d 


1 AQ "7 

lUo. / 


mriA pm m od 
H 1 yA — C 1 y — H 1 y\3 


1 A*7 & 
1U /.0 


Pin p)n p)n 

C 1 9 — C20 — C29 


1 aa co ( 1 A^ 

109.58 (10) 


C19— C20— C30 


109.15 (10) 


C29— C20— C30 


106.84 (10) 


CI 9— C20— C21 


108.10(10) 


C29— C20— C21 


111.87 (10) 


C30— C20— C21 


111.27 (11) 
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Pl/l p a pc 
C24 — C4 — CD 


11 A C"7 (\ f\\ 

1 14. D / (1U) 


p/i pc 
C23 — C4 — CD 


1 nn "7/; { 1 n\ 
iuy. 10 (1U) 


pi p/i pc 
C3 — C4 CD 


1 n/; HA 
1U0.04 (y) 


p/c pc pi/i 

Co — C5 — CIO 


111 in / 1 n\ 

111.30 (10) 


p/: pc p/i 
Co — CD — C4 


111 c c /n\ 
113. DD (y) 


pin pc p a 
C 1 U — CD — C4 


in in /n\ 
11 1.20 (y) 


P£ PC i_rc 

Co — CD — HD 


1 f\A A 

1U4.4 


piA pc TJC 

CIU — CD — HD 


1 C\A A 

1U4.4 


P/1 PC TJC 

C4 — CD — HD 


1 n/i a 
1U4.4 


p~7 p/; pc 
C / — Co — CD 


1 nn o c / 1 n\ 

luy.oD (1U) 


p~7 p/: u/: a 
C / — Co — HoA 


1 nn "7 

iuy. / 


pc p/; xssc a 
CD — Co — HoA 


1 nn "7 

iuy. / 


n p/; 1 1/ n 
C / — Co — Hod 


1 nn "7 

iuy. / 


pc P/: U/CD 

CD — Co — HoB 


1 nn "7 

iuy. / 


tj£ a p/: r r/n 
HoA — Co — Hod 


1 no t 
1U6.2 


p/; p~7 ro 
Co — C / — Co 


111 i c /1 n\ 
113. 2D (1U) 


p/: p~7 in a 
Co — C / — H / A 


1 no n 

lus.y 


pn p-7 TT-7 a 

Co — C / — H / A 


1 no n 

luo.y 


Co — C / — H ID 


1 no n 

luo.y 


pn P"7 | nn 

Co — C / — H ID 


1 no n 

luo.y 


TJ"7 A P"7 U7D 

rl /A — C / — ri Id 


1 n~7 "7 
1U /. / 


C / — Co — C2o 


1 f1"7 1 0 ZO\ 

1U/.12 (y) 


p-7 po po 

c / — Co — cy 


1 1 n on /o\ 

i lu.yu (y ) 


pt/: po pn 

C2o — Co — cy 


1 nn n"7 / 1 n\ 
lUy.y / (1U) 


p~7 po pu 
C / — Co — C 1 4 


1 1 ft AH td\ 

i iu.4o (y ) 


pn/ po pu 

C2 o — C o — C 1 4 


1 1/1 ;/ /n\ 

llU.Do (y) 


pn po p 1 a 
cy — C 0 — C 1 4 


1 n"7 o c /n\ 
1U /.oD (y) 


p 1 1 pn po 

ci i — cy — Co 


1 no c 1 /n\ 
lUo.Dl (y) 


p 1 1 pn p 1 n 

ci i — cy — CIU 


i i /: nn /n\ 

iio.uy (y) 


po pn p 1 n 

Co — cy — C 1 U 


I 1 "7 /; i /n\ 

II l.ol (y) 


pi 1 pn i_rn 

ci i — cy — riy 


1 n/i i 
1U4.3 


po pn urn 

Co — cy — m 


1 n/i i 
1U4.3 


pin pn urn 

c i u — cy — Hy 


1 n/i i 
1U4.3 


r^oc nn pi 
C2D — C 1 U — C 1 


1 no 17 pn\ 

1U0.3 / (y) 


pi c p 1 n pc 
C2D — CIU — CD 


1 1 A 1 A /n\ 
1 14.24 (y) 


pi p 1 n pc 
CI — C1U — CD 


1 n~7 ii / n\ 
1U /. 33 (y) 


pi c pin pn 

C2D — ciu — cy 


in to /n\ 
112.20 (y) 


P1 p 1 n pn 

c i — c i u — cy 


1 no iq / n\ 

lUo.iy (y) 


pc p 1 n pn 

cd — c i u — cy 


1 n/; 1 o /n\ 
lUo.lo (y) 


C\"t P 1 1 P 1 1 

U2 — CI 1 — C12 


1 1 n 1/1 /1 n\ 
liy.14 (1U) 


p.t p 1 1 pn 

U2 — en — cy 


m Ti i } n\ 
123.22 (1U) 


pn p 1 1 pn 

ci2 — ci i — cy 


I 1 "7 /;i /1 n\ 

I I /.03 (1U) 


p 1 1 pn pii 
C13 — C12 — Ci 1 


i ~i a "7 1 / 1 n\ 
124. / 1 (1U) 


pi l pi l T T 1 1 

C13 — C12 — H12 


117.6 


Cll— C12— H12 


117.6 


C12— C13— C18 


119.21 (10) 


C12— C13— C14 


119.44 (10) 


C18— C13— C14 


121.08 (9) 


C13— C14— C15 


112.83(9) 



ri^l riTi no/i 

Czz — Cz 1 — CzU 


111 in /1 n^ 

111.39 (10) 


nn TJT1 a 
CzZ — Cz 1 — HZ 1 A 


1 nn a 

iuy.4 


r")| TJT1 A 

CzU — Cz 1 — HZ 1 A 


1 nn a 

iuy .4 


CzZ — Cz 1 — HZ 1 r> 


1 nn /i 

iuy.4 


nn TJT1 d 
CzU — Cz 1 — hlz 1 d 


1 nn /i 

iuy.4 


TUT 1 A ( ") 1 I n 1 I) 

hlz 1 A — Cz 1 — hlz IB 


1 no n 
1U0.U 


Czl — Czz — CI / 


11/1 1 "7 /1 n\ 
114.1 / (1U) 


ni mi a 
Cz 1 — CzZ — hlZZ A 


1 no "7 
1U0. / 


r^\"l /'•">"> TJT> A 

C 1 / — Czz — HZZK 


1 no "7 
lUo. / 


Cz 1 — CzZ — hlZZB 


1 no "7 
lUo. / 


CI / — Czz — hlzzB 


1 no "7 
lUo. / 


hlZZA — CzZ — hlZZB 


1 n"7 /: 
1U /.0 


C4 — Cz 3 — hlz 3 A 


1 nn c 

luy.D 


C4 — Cz3 — hlz3r> 


1 nn c 

luy.D 


hlz 3 A — Cz3 — hlZ3r> 


1 nn c 

luy.D 


C4 — C23 — H23C 


109.5 


TJ11 A P">1 UUP 

H23A — C23 — H23C 


1 nn c 

luy.D 


Tjmo pti imp 
H23r3 — C23 — H23C 


1 nn c 

luy.D 


P/1 P"> /I TJ"> A A 

C4 C24 H24A 


1 nn c 

luy.D 


p/i pii tn/io 
C4 C24 H24ri 


1 nn c 

luy.D 


H24A — C24 ri24ts 


1 nn c 

luy.D 


P/1 PI/1 TJ1/1P 

C4 C24 H24C 


1 nn c 

luy.D 


TJT/1 A PT/1 TJ1/1P 

H24A — C24 H24C 


1 nn c 

luy.D 


tn/IO PT/1 TJT/1P 

H24ri — C24 — H24C 


1 nn c 

luy.D 


pin ptc mc a 
C 1 U — C2D — H2D A 


1 nn c 

luy.D 


pin pic men 
CIU — C2D — ri2Drs 


1 nn c 

luy.D 


tncA pic tncr> 
H2DA — C2D — ri2Drs 


1 nn c 

luy.D 


pin ptc mcp 
CIU — C2D — H2DC 


1 nn c 

luy.D 


TJnCA PTC TJ1CP 

H2DA — C2D — H2DC 


1 nn c 

luy.D 


unco PTC UTCP 

ri2Dt5 — C2D — H2DC 


1 nn c 

luy.D 


po pi/: uOiC a 
Co — C2o — H2oA 


1 nn c 

luy.D 


po pi/; m/:r> 
C8 — C2o — ri2ot5 


1 nn c 

luy.D 


tn/: a pt/: m^D 
H2oA — C2o — ri2ors 


1 nn c 

luy.D 


PO pii TJO/CP 

Co — C2o — H2oC 


1 nn c 

luy.D 


tn/: a pii tjt/cp 
HI 0 A — C2 0 — HI oC 


1 nn c 

luy.D 


m/;T3 pii tn/;p 
H2or3 — C2o — H2oC 


1 nn c 

luy.D 


P 1 A Pn TT">"7 A 

C 1 4 — C2 / — HI / A 


1 nn c 

luy.D 


P 1 A Pn TJT7T5 

C14 — C2/ — HI Id 


1 nn c 

luy.D 


UT7 A PT7 UT7D 

HI /A — C2 / — HI Id 


1 nn c 

luy.D 


P1 A pn tmp 
C14 — C2/ — H2/C 


1 nn c 

luy.D 


UT7 A PT7 TJT7P 

H2 /A — C2 / — HI /C 


1 nn c 

luy.D 


ut7d pn unp 
HZ Id — C2 / — HI /C 


1 nn c 

luy.D 


P 1 H PTO tjio A 

CI / — C2o — H2oA 


1 nn c 

luy.D 


P 1 H PIO 1TTOD 

CI / — C28 — H28B 


109.5 


H28A— C28— H28B 


109.5 


C17— C28— H28C 


109.5 


H28A— C28— H28C 


109.5 


H28B— C28— H28C 


109.5 


03— C29— Nl 


121.48(12) 
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C 1 3 — C 1 4 — CZ / 


1 n^ no /n\ 
lUo.Uo {y) 


CI j — C14 — CZ / 


lUo.yo (1U) 


ni l pi i /i no 

C13 — C14 — Co 


1U0.V4 (V) 


pic /~i i /] no 

CI j — C14 — Co 


1 m nn (C\\ 
11U.UU {y) 


pn p 1 /i po 
CZ / — C 1 4 — Co 


1 1 1 nn /n\ 
1 1Z.UU (V) 


P1 ^ r'i n p 1 i /i 
Clo — CI J — C14 


11/1 n ci n\ 
114.1 / (1U) 


PIP, pi r TT 1 C A 

C 1 0 — C 1 3 — H 1 j A 


lUo. / 


C 1 4 — C 1 J — rl 1 J A 


1 no *7 
lUo. / 


P 1 i£ pi f UKD 

Clo — CI J — HI 3r> 


1 no *7 
lUo. / 


pi 1 A P 1 C 1 T 1 CD 

C14 — CI J — rll 3d 


1 no *7 
lUo. / 


1 1 1 Jrt V 1 J 1 1 1JD 




C15 — C16 — C17 


112.68 (11) 


C15 — C16 — H16A 


109.1 


C17 — C16 — H16A 


109.1 


C15 — C16 — H16B 


109.1 


C17 — C16 — H16B 


109.1 


pin p 1 P"> PI 

C 1 U — C 1 — C2 — C 3 


C£ 1£ /1 1\ 

— 30.Z0 (13) 


pi pi pn p.1 

C 1 — C2 — C 3 — (J 1 


1 1 A £.A cn\ 

— 1 /4.04 {y) 


PI PI PQ pyl 

C 1 — C2 — C3 — C4 


CO /I 1 /1 "5\ 

do. 41 (13) 


p.1 pi p/i pi< 
(J 1 — C3 — C4 — C24 


c/; cn /■ 1 1\ 
— JO.jy (13) 


P"> PI P/1 P">/1 

C2 — C3 — C4 — C24 


*7n cn / 1 1\ 
/U.3U (1Z) 


Al PQ P/I P11 

Ul — C3 — C4 — C23 


/^n A O /" 1 1\ 

0U.4o (13) 


PI PQ pyl P">1 

C2 — C3 — C4 — C23 


1 71 /it ( 1 n\ 
— 1 /Z.4Z (1U) 


Al PQ P/I PC 

Ul — C3 — C4 — CD 


1 "7*7 o o ( 1 n\ 
1 / /.OO (1U) 


P"> PI P/1 PC 

C2 — C3 — C4 — CD 


cc m /i i\ 
-33. UZ (1Z) 


PT/i p/i pc p/: 
C24 — C4 — CD — Co 


£1 T7 C\ A \ 

b5.ll (14) 


P")1 p/l pc P£ 

C23 — C4 — CD — Co 


C*7 *7C / 1 /1\ 
J /. ID (14) 


PI P/1 PC P£ 

C3 — C4 — CD — Co 


— 1 /3.Zy (11) 


p">/i p/i p^ pin 
C24 — C4 — CD — C 1 U 


6.Q *7C C1 1\ 

—oo. Ij (13) 


p">i p/i p^ pin 
C23 — C4 — CD — C 1 U 


1 "7n (1 n\ 
1 /U.Z3 (1U) 


pi p/i pc pin 
C3 — C4 CD — C 1 0 


d4.ov (13) 


pin pc p/; p~7 
C 1 0 — CD — Co — C / 


/^C 1 f\ /1 

— oj. 1U (14) 


p/i pc p/: p"7 
C4 — CD — Co — C / 


1 £n n/^ /■ 1 n\ 
loU.Uo (1U) 


pc p/; p"7 po 
CD — Co — C / — Co 


co m /1 /i\ 
DO.Ul (14) 


p/; p"7 po p">/; 
Co — C / — Co — Czo 


*7i in / 1 t\ 
/3.ZU (1Z) 


p/; p"7 po pn 

Co — c / — Co — cy 


A/Z 01 /1/1\ 

— 4o.ol (14) 


P/i P"7 PO PI A 

Co — C / — Co — C 1 4 


-100.33 (1U) 


p~7 po pn pi 1 

c / — Co — cy — C 1 1 


1 *70 r\/z ( 1 n\ 
1 /o.yo (1U) 


pi/ po pn pi 1 

Czo — Co — cy — c 1 1 


OU.O/ (1Z) 


pi a po pn pi 1 

c 1 4 — Co — cy — c 1 1 


cn n*7 / 1 1\ 
— jy.y/ (1Z) 


p~7 po pn pm 

c / — Co — cy — c i o 


/l /I / 1 A\ 

44.00 (14) 


p')/ po pn pin 

Czo — Co — cy — c i u 


— /3.04 (1Z) 


pi/1 po pn pin 

c 1 4 — Co — cy — C 1 0 


1 c c "7i /n\ 
lOJ. /Z (y) 


p"> pi pin PTC 

Cz — C 1 — C 1 0 — C2 5 


-72.74 (12) 


C2— CI— CIO— C5 


51.10(12) 


C2— CI— CIO— C9 


165.29 (10) 


C6— C5— CIO— C25 


-65.74 (13) 


C4— C5— CIO— C25 


67.29 (13) 


C6— C5— CIO— CI 


174.08(10) 



r\i pon pon 
U3 — CZV — CZU 


1 T) /zr\ pi i \ 
IZZ.OU (11) 


mi pm popi 

in i — czy — czu 


1 1 C 0£ PI u 
113.50 (11) 


Pin p o a mn a 
CZU — C3U — H3UA 


1 nn c 

iuy.3 


p ^ i p, pm uifiD 
CZU — C3U — H3Ur> 


1 no c. 

iuy.3 


mnA po pi iii t\\'i 
113 UA — C3U — 113 Ur> 


1 nn c 

iuy.3 


pin pqa rrm/" 1 
CZU — C3U — H3UC 


1 nn c 

iuy.3 


m n a p m m np 
113 UA — C3U — 113 UC 


1 nn c 

iuy.3 


m no pin rri np 
H3UB — C3U — H3UC 


1 nn c 

iuy.3 


mi pii pn 
IN 1 — C3 1 — C3Z 


111 oc n i\ 
11Z.03 (11) 


xt 1 t ' "i 1 rri 1 a 
IN 1 — C3 1 — 113 1A 


1 nn n 

iuy.u 


CX) r^i A 


1 0Q 0 

1 U7.U 


Nl — C31 — H31B 


109.0 


C32 — C31 — H31B 


109.0 


H31A — C31 — H31B 


107.8 


C33 — C32 — C31 


178.94(15) 


C32 — C33 — H33 


180.0 


PH P11 Pl/I PT7 

C 1 Z — C 1 3 — C 1 4 — CZ / 


OO /1C 

00. 4D (13) 


PI o P11 p 1 /] PT7 

C 1 o — C 1 3 — C 14 — CZ / 


OC CT '1 Ti 

-0D.D2 (12) 


pn pii pn po 
C 1 Z — C 1 3 — C 14 — Co 


n to /1/1\ 
— 3Z.Z0 (14) 


PI o P11 pi /I PO 

C 1 o — C 1 3 — C 14 — Co 


1 el "7/1 / 1 n\ 
1D3. /4 (1U) 


p-7 po p i /i pn 
C / — Co — C 1 4 — C 1 3 


i in "7n /n\ 

—i / /. /y (y) 


/'•">/' PO p 1 /I P11 

CZo — Co — C 1 4 — C 1 3 


cn /in /1 1\ 
-Dy.4U (11) 


po po pi /i p 1 1 
cy — Co — C 1 4 — C 1 3 


/:n o~7 {~\ "i\ 
6U.0/ (12) 


p-7 PO p 1 /I P1C 

C / — Co — C 1 4 — C 1 J 


CI £1 /11\ 

-D3.63 (13) 


P O P1 A P 1 C 

CZo — Co — C 1 4 — C 1 J 


£/1 "7C /'1T\ 

64. /D (12) 


po po pi /i pk 
cy — Co — C 1 4 — C 1 J 


1 "7/1 no / 1 n\ 

—i /4.yo (1U) 


p-7 po p i ,/i pn 
C / — Co — C 1 4 — CZ / 


/r i o /I ")\ 

oD.lo (12j 


/' •-)/' PQ PI yi PT7 

CZo — Co — C 1 4 — CZ / 


i "7/; /i i /n\ 
— 1 /6.43 (y) 


PO PQ P 1 /I P17 

cy — Co — ci4 — cz / 


C/^ 1 c t \ ">\ 

—Do. 10 (12j 


p 1 1 P1/1 P|C pip, 

C13 — C14 — CI J — Clo 


in /io / 1 

—3 /.4y (io) 


pn p i /i pic p i /: 
CZ / — C14 — CI J — Clo 


"70 70 /1 1\ 

la. la (13j 


p o pi /| p|f p 1 Z 

Co — C 1 4 — C 1 j — C 1 0 


icn ic /1 1 \ 
— lDy.3D (11) 


p i /i pic pi/- pn 
C14 — CI!) — Clo — CI / 


C/1 1C /I c\ 

D4.1D (ID) 


pk ( ' 1 ^ pn pio 
C 1 j — C 1 0 — C 1 / — CZo 


/;n /ii /11\ 
6U.43 (13) 


pi r pk pit pn 

C 1 j — C 1 0 — C 1 / — czz 


1 "7n n 1 i ^ 1 n\ 
1 /y.Ul (1U) 


pi r pk pn pio 
C 1 j — C 1 0 — C 1 / — C 1 o 


cn no a\ 
-Dy.yo (14) 


pn pii pio pm 

c i z — c 1 3 — c i o — c i y 


oc ">n /11\ 
-SD.2U (13) 


P i /i pii pio pin 

C 1 4 — C 1 3 — C 1 o — c i y 


0 0 "7n /1 ">\ 
00. /y (12) 


p n pii pio pn 
C1Z — C13 — Clo — CI / 


1 A "7 ">"> /I ">\ 

14/. 22 (12) 


p 1 /I P11 PIO pn 

C14 — C13 — Clo — CI / 


i 0 "7n /1 c\ 
—3o. /y (ID) 


pto pn pio pii 
CZo — C 1 / — C 1 o — C 1 3 


"7n a 0 /1 ">\ 
-/U.4S (12) 


( ' \ s r^\H pio pii 
C 1 0 — C 1 / — C 1 0 — C 1 3 


cn £n /11\ 
DU.6y (13) 


pti pn pio pn 
CZZ — C 1 / — C 1 0 — C 1 3 


1 "7 1 A A 1 1 n\ 
1 / 1. 44 (1U) 


poo p i ^7 pi o pm 

C28 — C 1 7 — C 1 8 — C 1 9 


1/^/1 "> "> / 1 n"\ 
164.22 (10) 


C16— C17— C18— C19 


-74.61 (12) 


C22— CI 7— CI 8— C19 


46.14 (14) 


CI 3— CI 8— CI 9— C20 


-178.29 (9) 


CI 7— CI 8— CI 9— C20 


-51.35 (14) 


C18— C19— C20— C29 


-66.74 (13) 



sup-9 



supplementary materials 



p^i pc nn pi 
C4 — C5 — C 1 0 — C 1 


— jZ.oo (12) 


pin 

Clo- 


-C19— C20- 


-C30 


1 "7/; co /1 n\ 
1 /o.5o (1U) 


p/: pc nn pn 

Co — cs — c i o — cy 


Jo. j j (12) 


p i o 
Clo- 


-C19— C20— C21 


cc A 1 H 1\ 

55.41 (13) 


p/i pc nn pn 

C4 — C5 — C 1 u — cy 


-los.41 (V) 


C19- 


-C20— C21- 


— C22 


C"7 o a m\ 
—5 /.o4 (13) 


pi 1 po n/i poc 
CI 1 — cy — CIU — C2j 


— ZD. 1U (13) 


C29- 


-C20— C21- 


-C22 


/r^ on /i 3\ 
02. yU (13) 


po pn nn nr 
Co — Cy — C 1 U — C25 


/j.oi (12) 


C30- 


-C20— C21- 


-C22 


i in /;o { 1 n\ 
— 1 / /.DO (1U) 


pi 1 po n/i pi 

ci i — cy — ciu — ci 


o4.4j (12) 


C20- 


-C21— C22- 


-C17 


j /.oo (14) 


po po n/i pi 

Co — cy — c i u — c i 


— 1o4.o3 (1U) 


C28- 


-C17— C22- 


-C21 


1 £Q m i 1 
— loy.3U (1U) 


pi 1 po pi n pc 

ci i — cy — ciu — cj 


1 7Q ACt fQ\ 

i /y.4U (y) 


C16— C17— C22- 


-C21 


/U.30 (13) 


po pn nfi pc 

Co — cy — c i u — cs 


— 4y.oo (13) 


C18- 


-C17— C22- 


-C21 


cn T1 /I ,1 \ 

— 5U. 22 (14) 


PO Pn PI 1 P.^> 

Co — cy — c 1 1 — 02 


i /in Q/r / 1 t\ 

-14S>.oo (12) 


C31- 


-Nl— C29- 


-03 


— 2.5U (iy) 


pin rn n i p.^ 

c i u — cy — c 1 1 — ui 


—14. /o (1 /) 


C31- 


-Nl— C29— C20 


1"7/1 /: /l pi 1 \ 
1 /4.04 (11) 


pn pn pi | PIT 

Co — cy — c 1 1 — c 1 2 


31.32 (14) 


C19- 


-C20— C29- 


-03 


— 2U.5 / (lo) 


pin pn P11 pn 

ciu — cy — cii — ci2 


100.4U (1U) 


C30- 


-C20— C29- 


-03 


m c/: 

y /.5o (14) 


pii p 1 o pn 
U2 — Cll — C12 — C13 


i 79.31 (12) 


C21- 


-C20— C29- 


-03 


-14U.44 (12) 


Cy— Cll— C12— C13 


-1.82(18) 


C19- 


-C20— C29- 


-Nl 


162.32 (10) 


Cll— C12— C13— C18 


176.53 (11) 


C30— C20— C29- 


-Nl 


-79.55 (13) 


Cll— C12— C13— C14 


2.44(18) 


C21- 


-C20— C29- 


-Nl 


42.45 (14) 


C12— C13— C14— C15 


-154.75 (11) 


C29- 


-Nl— C31- 


-C32 


106.52 (14) 


C18— C13— C14— C15 


31.27(15) 











Hydrogen-bond geometry (A, °) 
Please add C — H—7i interaction to table 

D—H-A D — H H-A D—A D—H-A 

Ol— H10-C32 i 0.81 (2) 2.57 (2) 3.3559 (17) 164 (2) 

Ol— HIO-CSS 1 0.81 (2) 2.40 (2) 3.0973 (17) 145 (2) 

Nl— H1N-02" 0.80 (2) 2.57 (2) 3.2511 (15) 144 (2) 

C31— H31B-01"' 0.99 2.56 3.2541 (17) 127. 

C33— H33-02 iv 0.95 2.27 3.1154 (17) 148. 
Symmetry codes: (i) -x+3/2, -y+l, z-1/2; (ii) -x+\,y+l/2, -z+1/2; (iii) -x+1/2, -y+\, z+1/2; (iv) -x+2, >>+l/2, -z+1/2. 
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